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In view of the recent result from the anti-neutrino run of MiniBooNE, we suggest to repeat the
original Liquid Scintillator Neutrino Detector (LSND) experiment using Super-Kamiokande, doped
with Gadolinium, as detector. Due to the more than 100 times larger detector mass offered by
Super-Kamiokande, the neutrino source requires a proton beam power of less than 300 kW at a
proton energy around a 1 GeV. A one year run of this setup can corroborate or refute both the
LSND and MiniBooNE claims at more than 5σ confidence level. If a signal is observed, the large size
of Super-Kamiokande combined with its good ability to determine the position of an anti-neutrino
event allows to establish the characteristic L/E-dependence of oscillation.
The LSND experiment [1–3] has reported a 3.8 σ excess
of ν¯e events in a beam of ν¯µ and recently the MiniBooNE
experiment has reported a 2.8 σ excess [4] of ν¯e events in
a beam of ν¯µ , albeit at a much higher neutrino energy
and at a much longer distance. If one interprets these re-
sults with neutrino oscillation the relevant parameter is
the ratio of the distance L to the neutrino energy E, the
so called L/E. The L/E ratio is indeed very similar be-
tween LSND and MiniBooNE. The oscillation interpreta-
tion of LSND and MiniBooNE points to a mass squared
difference of the order 0.1 − 10 eV2 and hence requires
a sterile neutrino. While a sterile neutrino is theoretical
well motivated, the actual oscillation parameters required
by the LSND and MiniBooNE results are in considerable
tension with the non-observation of oscillation in a num-
ber of short baseline disappearance experiments, most
notably CDHS [5] and Bugey [6]. Also atmospheric and
solar neutrino data show no sign of a sterile neutrino in
the required parameter range. For a recent summary of
the status of the oscillation interpretation of LSND, and
by association also of the recent MiniBooNE result, in
the context of all neutrino data, see the review [7].
MiniBooNE was designed to be the final test of the
oscillation interpretation of LSND; since MiniBooNE op-
erates at a very different energy and baseline, only the
ratio L/E is similar to LSND and hence non-oscillation
explanations of LSND can not be tested effectively. So
far, MiniBooNE has provided us with the following re-
sults:
1. No oscillation in the neutrino mode for energies
above 475MeV [8]
2. An unexplained 3 σ excess of νe events in the neu-
trino mode below 475MeV [9]
3. A 2.8 σ excess of ν¯e events in the anti-neutrino
mode above 475MeV, which is consistent with
LSND [4].
In summary, MiniBooNE is not conclusive with respect
to the LSND result and it seems unlikely that a simple
increase in statistics would resolve the issue. Therefore,
the question arises how to address this problem. One
possibility is to repeat an LSND-like experiment with
a pulsed neutrino source [10], which requires to build a
new liquid scintillator detector. In reference [11] it has
been proposed to study the spatial dependence of the
νe disappearance probability inside one detector using a
radioactive source and in reference [12] the same idea was
pursued using a beta-beam anti-neutrino source.
In this letter we suggest to perform a modern version
of LSND, i.e. use ν¯µ from a stopped pion source and
inverse beta decay to detect the appearance of ν¯e. The
main difference with respect to the original LSND exper-
iment is that we suggest to use Super-Kamiokande doped
with Gadolinium as detector [13–15] instead of a liq-
uid scintillator detector. Super-Kamiokande has a fidu-
cial mass of 22.5 kt compared to around 120 t in LSND.
Gadolinium doping allows to efficiently detect the cap-
ture of the neutron which is produced in inverse beta de-
cay. We take 67% as detection efficiency which has been
obtained from direct tests inside the Super-Kamiokande
detector [14, 15]. Furthermore, we use an energy reso-
lution as given in reference [16] and an energy thresh-
old of 20MeV. Using a detector like Super-Kamiokande
has several advantages. First, the large fiducial mass
allows to use a relatively low power proton source. If
we take the same proton source parameters as in refer-
ence [17, 18] it turns out that 4× 1021 neutrino per year
are sufficient, which translates into a proton beam power
of only 300 kW. The contamination with ν¯e from pi
− de-
cays is very small and we take a value of 4×10−4 [17, 18].
The neutrino source will be located on the axis of the
cylinder which describes the fiducial volume and will be
20m away from the first cylinder surface. The resulting
signal event rates for one year of operation are shown
in table I and the background event rate due to beam
contamination is 765. Secondly, the large rock overbur-
∆m2 [eV2] 0.1 1 10 100
signal 29 1605 1232 1314
TABLE I: Number of signal events after one year for sin2 2θ =
10−3 including efficiency and energy resolution.
den of approximately 2, 700mwe, compared to 120mwe in
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FIG. 1: The signal event rate after one year weighted with
L2 as function of the reconstructed baseline divided by re-
constructed neutrino energy L/E, shown as solid line. The
dashed line shows the background weighted with L2. The er-
ror bars show the statistical errors only. The oscillation signal
is computed for sin2 2θ = 10−3 and ∆m2 = 2 eV2.
LSND, reduces cosmic ray induced backgrounds to neg-
ligible levels [17, 18]. Also, atmospheric neutrino back-
grounds are small compared to the beam induced back-
grounds. Thirdly, the large dimensions of the fiducial
volume, a cylinder of 14m radius with a height of 36m
allow to observe the characteristic baseline dependence
of oscillation with great accuracy. The size of the copper
beam stop used in LSND was about 50 cm [19] and the
position resolution for electrons (or positrons) in Super-
Kamiokande at energies above 10MeV has been mea-
sured to be better than 75 cm [20]. Adding these two
sources of baseline uncertainty in quadrature we obtain
about 0.9m. In our analysis we account for this uncer-
tainty by using a baseline resolution width1 of 1m. We
also checked that our results hardly change for a baseline
resolution of 2m. In order to be able to perform an L/E
analysis we account for an energy resolution [16]. Thus,
with a source detector distance of 20m and an energy
range from 20 − 52,MeV the oscillation pattern can be
observed for an L/E range of 0.4 − 2.8mMeV−1. This
is illustrated in figure 1, where we show the signal and
background rates weighted with L2 as a function of L/E.
The signal is shown in red and the background in black.
1 Obviously, in an actual experiment one would include the actual
vertex resolution function and distribution of pion decays.
2
[eV
  2
2
m
(2 dof)σ5
∆
2
−1
−1
−2
−2
−3
sin
−4
θ
]
2
MiniBooNE 99% CL
 10  10  1
 10
 10
 10
 10
 10
 1
DAR−SK
5 years
1 year
LSND 99% CL
 10
FIG. 2: Sensitivity limit to sterile neutrino oscillation at the
5σ confidence level, shown as red, solid line, labeled DAR-
SK. This limit corresponds to a one year run. The green/gray
shaded region is the LSND allowed region at 99% confidence
level, whereas the dashed line is the MiniBooNE anti-neutrino
run allowed region at 99% confidence level [4].
The reason, that we do not see a simple sine square wave
is that the exposure in L/E is non-uniform, even after
rescaling with L2. The oscillation signal is computed
using the usual 2 flavor expression with sin2 2θ = 10−3
and ∆m2 = 2 eV2. Obviously, the L/E dependence is
a powerful handle to reject the background and there-
fore our results are quite insensitive to systematic errors.
The ability to study the L/E dependence in detail is cru-
cial if a signal is observed, since it will allow to establish
or refute oscillation as the underlying physical mecha-
nism. Note, that the this kind of experiment is possible
at any large Water Cerenkov detector and a very similar
configuration, although for a different purpose, has been
studied for the detector of the Long Baseline Neutrino
Experiment (LBNE) in reference [21].
For our sensitivity calculation, we take systematic er-
rors of 5% on both the signal and the background, which
are not correlated between signal and background. They
are included using the pull method as described in e.g.
reference [22]. We bin our data into 38 equally size L/E
bins in the range of 0.4− 2.8mMeV−1. We perform the
usual χ2 analysis using a Poissonian likelihood function.
Ideally, one would perform a 2 dimensional binning in
both L and E, however the resulting increase in sensitiv-
ity would be small since the energy spread of the beam
is relatively small compared to the variation in L. In fig-
ure 2 we show sensitivity for the L/E binning analysis
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at 5 σ confidence level (2 degrees of freedom) as well as
the 99% confidence level allowed regions obtained from
LSND and the MiniBooNE anti-neutrino run [4]. Note,
that the sensitivity is limited by the magnitude of the
beam background and neither increasing the neutrino lu-
minosity or running time will yield large improvements.
Therefore, our choice of 4× 1021 neutrinos at the source
is quite optimal.
The experiment we study in this letter can test the
LSND and MiniBooNE claims for ν¯µ → ν¯e oscilla-
tions with more than 5 σ significance within one year
of running time. The effort appears moderate: Super-
Kamiokande needs to be doped with Gadolinium and a
300 kW, low energy proton accelerator has to be installed
close to Super-Kamiokande. This setup can provide a
stringent test of previous results due to its high statis-
tics, low background and the ability to study the baseline
dependence in detail. The baseline dependence also may
provide a clue to the underlying physics in non-oscillation
scenarios, which are favored by global neutrino data [7].
The neutrino production and detection reactions are the
same as in LSND and therefore this experiment will be
able to return the final verdict on LSND irrespective of
the underlying flavor transition mechanism.
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